Background: It is unknown whether gabapentin is effective in reducing acute pain following laparoscopic cholecystectomy. The purpose of the current meta-analysis was to evaluate the efficacy of gabapentin in reducing pain intensity and postoperative nausea and vomiting (PONV) after laparoscopic cholecystectomy.
Introduction
Postoperative pain, nausea, and vomiting are common complications of laparoscopic cholecystectomy. [1] It is reported that appropriately of 53% to 72% of patients undergoing laparoscopic cholecystectomy require antiemetics after surgery. [2, 3] Reduction of postoperative pain can shorten patients' hospital stays and promote functional recovery. [4] Traditionally, opioids are the first option for the treatment of moderate to severe pain after surgery. However, the side effects of opioid analgesics, such as nausea and vomiting, limit the clinical use of those drugs. [5, 6] Gabapentin is an antiepileptic drug that also has therapeutic effects on diabetic neuropathy and herpes zoster neuropathic pain. [7, 8] In addition, gabapentin may reduce postoperative acute pain by reducing central sensitization. [9] Recent meta-analyses show that gabapentin can reduce the amount of opioid use after abdominal hysterectomy, spinal surgery, and orthopedic surgeries. [10] [11] [12] Gabapentin has used for pain control in patients following laparoscopic cholecystectomy without conclusive results. [13, 14] In addition, there is no systematic review and meta-analysis to assess the efficacy and safety of gabapentin in reducing pain following laparoscopic cholecystectomy. The purpose of the current meta-analysis was to determine whether preoperative treatment with gabapentin is associated with lower pain scores, total morphine consumption, and postoperative nausea and vomiting (PONV) following laparoscopic cholecystectomy.
Materials and methods
This is a meta-analysis and thus no ethical approval was necessary.
Inclusion criteria and exclusion criteria
Inclusion criteria-Study type: clinical RCTs; Participants: patients prepared for laparoscopic cholecystectomy (ASA 3 and 4); Intervention: the experimental group received preoperative oral gabapentin, while the control group received a placebo or blank control. Outcomes: visual analog score (VAS) at 12 and 24 hours, total morphine consumption, and the occurrence of PONV.
Exclusion criteria-Comparison with other drugs (glucocorticoid or pregabalin); Noninclusion of gabapentin drugs; NonRCTs; Comments, reviews or with no relevant outcomes.
Search strategies
We systematically searched RCTs that investigated the preoperative use of gabapentin for the treatment of laparoscopic cholecystectomy pain from PubMed, EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL), the Google database, the Chinese Wanfang database, and the China National Knowledge Infrastructure (CNKI). The most recent literature search was conducted on March 21, 2017. The search terms in the PubMed database were: ((("Cholecystectomy, Laparoscopic"[Mesh]) OR laparoscopic cholecystectomy)) AND gabapentin. There were no restrictions regarding language or publication date. We also manually retrieved reference lists from the identified studies and relevant review studies to identify additional relevant studies.
Quality assessment
The quality of all included trials was independently assessed by 2 reviewers (LW and YD) on the basis of the Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0 (http:// handbook.cochrane.org/). [15] The evaluation criteria include 7 items: random sequence generation; allocation concealment; blind method (patients and healthcare providers); blind outcome assessment; incomplete outcome data; selective outcome reporting; and other bias. The criteria were evaluated as low risk, unclear, or high risk. Finally, Review Manager 5.3.0 (The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark) was applied to generate graphics. Meanwhile, the Jadad score was used to quantitatively evaluate the quality of RCTs. [16] The Jadad score including 3 items: random sequence generation, blinding, and dropouts. Low-quality articles have a Jadad score between 1 and 3; high-quality articles have a Jadad score between 4 and 7.
[17]
Data extraction
A specific extraction was conducted to assemble data into a pregenerated standard Microsoft Excel (Microsoft Corporation, Redmond, WA) file. The items extracted from relevant studies were as follows: first author and publication year, sample size of the intervention and control groups, preoperative doses, timing and frequency and the total dose of gabapentin per number of days and follow-ups. Outcomes such as the VAS at 12 and 24 hours and the occurrence of nausea and vomiting were abstracted and recorded in the spreadsheet. Postoperative pain intensity was measured using a 110-point VAS (0 = no pain and 100 = extreme pain). When the numerical rating scale (NRS) was reported, it was converted to a VAS. Additionally, the 11-point VAS was converted to a 110-point VAS. [18] Data in other forms (i.e., median, interquartile range, and mean ± 95% confidence interval (CI)) were converted to the mean ± standard deviation (SD) according to the Cochrane Handbook. [15] If the data were not reported numerically, we extracted these data using the "GetData Graph Digitizer" software from the published figures. All the data were extracted by 2 independent reviewers (L-FW and Y-CD), and disagreements were resolved by discussion.
Statistical analysis
Statistical analysis was performed using Stata 12.0 software (Stata Corp., College Station, TX). The continuous outcomes (VAS at 12 and 24 hours and total morphine consumption) were expressed as the weighted mean difference (WMD) and 95% CI, and the discontinuous outcome (the occurrence of PONV) was compared using the risk ratio (RR) and 95% CI. The heterogeneity between the studies was assessed using the I 2 test; if I 2 was less than or equal to 50%, there was no obvious heterogeneity, and a fixed-effect model (Mantel-Haenszel) was applied to the data. We used a random effects model if I 2 was more than 50%. Subgroup analysis was conducted according to the dosage of gabapentin (<900 or ≥900 mg/d). The relationship between the gabapentin dosage and the VAS at 12 and 24 hours was explored using GraphPad Prism software (Version 6.0; GraphPad Software, San Diego, CA). The correlation coefficient (r) was used to evaluate the relationship between the dosage of gabapentin and the occurrence of nausea and vomiting. Statistical significance was defined as P < .05. To measure the robustness of the pooled results and avoid a type I error, [19] [20] [21] [22] trial sequence analysis (TSA) was performed for the primary outcome (TSA software, version 0.9.5.5 beta; Copenhagen Trial Unit, Copenhagen). Power analyses of individual studies and meta-analyses were all conducted by software PS (Power and Sample Size Calculations, London) version 3.0.43.
Results

Search results
The flow diagram for the included studies can be seen in Fig. 1 . According to the search strategy, a total of 688 studies were retrieved (PubMed = 121, Embase = 85, Web of Science = 49, Cochrane Library = 55, Google database = 109, Chinese Biomedical Database (CBM) = 100, VIP database = 38, China Wanfang data = 59, China National Knowledge Infrastructure (CNKI) = 72). Then, the literatures were imported into Endnote software (Version X7, Thompson Reuters, CA) to exclude the duplicates. Then, a total of 418 articles were excluded at the title and abstract level. Finally, a total of 9 RCTs with 966 patients were included in this meta-analysis. [13, 14, [23] [24] [25] [26] [27] [28] [29] 
General characteristic and quality assessment
The general information of the patients is shown in Table 1 gabapentin and control subjects ranged from 20 to 153. The total gabapentin dosages ranged from 300 to 1200 mg per day. Finally, the follow-up times ranged from 24 hours to 1 week. The general characteristic of the included studies were comparable and all studies describe the intent to treat analyses. The risk of bias summary and risk of bias graph are provided in Figs. 2 and 3 , respectively. The risk of bias for random sequence generation and allocation concealment was unclear in 5 studies [14, [27] [28] [29] and low in 4 studies. [13, [24] [25] [26] Blinding of participant and personnel was unclear in 4 studies, [14, [27] [28] [29] and the rest all had low risk of bias. [13, [23] [24] [25] [26] We used Jadad score to assess the RCTs, and the results are displayed in Table 2 . The Jadad scores were 2 in 3 studies, 3 in 2 studies, and 5 in 4 studies. The quality of all of the studies were acceptable. The individual study's power was ranged from 65.3% to 72.9%. The power of the meta-analysis of the total studies was 86.4%. 
Results of meta-analysis 3.3.1. VAS at 12 hours. Five papers involving 508 patients analyzed the VAS at 12 hours, and there was substantial statistical heterogeneity among the studies (I 2 = 95.0%, P = .000). Compared with the control treatments, gabapentin reduced the intraoperative VAS at 12 hours, and the difference was statistically significant (WMD = À10.18, 95% CI: À17.36 to À2.80, P = .007, Fig. 4 ). We then tested the publication bias using the funnel plot and Begg test; the results are shown in Figs. 5 and 6, respectively. The effect size was found to be symmetrical, and Begg value was 0.952.
VAS at 24 hours.
Five studies including 508 patients reported the postoperative VAS at 24 hours. There was statistical heterogeneity between the studies (I 2 = 55.7%, P = .060), and thus a random effects model was used to perform the metaanalysis. Compared with the control treatments, gabapentin reduced postoperative VAS at 24 hours, and the difference was statistically significant (WMD = À6.33, 95% CI: À8.41 to À4.25, P = .000, Fig. 7 ).
Total morphine consumption
Five studies including 706 patients reported the total morphine consumption. There was statistical heterogeneity between the studies (I 2 = 99.5%, P = .000), and therefore a random effects model was used to perform the meta-analysis. Compared with the control treatments, gabapentin reduced total morphine consumption after laparoscopic cholecystectomy, and the difference was statistically significant (WMD = À110.83, 95% CI: À183.25 to À38.42, P = .003, Fig. 8 ).
The occurrence of nausea and vomiting
Seven studies including 864 patients analyzed the occurrence of PONV. There was little statistical heterogeneity between the studies (I 2 = 33.4%, P = .173), and thus a fixed effect model was used to perform the meta-analysis. Compared with the control group, gabapentin reduced the occurrence of PONV, and the difference was statistically significant (RR = 0.53, 95% CI: 0.44-0.63, P = .000, Fig. 9 ). Table 1 The general characteristic of the included studies (1, the occurrence of nausea and vomiting; 2, VAS at 12 hours; 3, VAS at 24 hours, 4, total morphine consumption). [24] 45.7 51.3 70 80 50 600 mg a day 2 h before operation 900 Placebo (n = 50) 1 1 wk RCTs Kotsovolis et al [25] 48. Jadad score for the evaluation of randomized controlled trials included in this meta-analysis.
Refs
Refs.
Was the study described as randomized?
Was the method used to generate the sequence of randomization described and appropriate?
Was the study described as double blind?
Was the method of double blind described and appropriate?
Was there a description of withdraw and dropouts?
Total score Mishra et al [23] 0 0 1 1 1 3 Bashir et al [24] 
Dose-effect relationship
We plotted the gabapentin dosage on the abscissa, with the corresponding PONV as the ordinate, to generate a scatterplot. In addition, the linear correlation coefficient (r) was calculated.
There was a negative correlation between the dosage of gabapentin and PONV (r = À0.754, P = .041, Fig. 10 ). The occurrence of nausea and vomiting tended to decrease as the gabapentin dosage increased.
Subgroup analysis
Subgroup analysis results are available in Table 3 . The pooled results indicated that a high dosage of gabapentin was superior to a low dosage in reducing VAS at 12 and 24 hours, total morphine consumption, and the occurrence of nausea and vomiting (P < .05).
TSA results
TSA results shown that the accumulative Z-curve crossed the trial sequential monitoring boundary for benefit after the trials. A TSA confirmed the VAS at 12 hours (Fig. 11A ), VAS at 24 hours (Fig. 11B) , total morphine consumption (Fig. 11C) , and the occurrence of nausea and vomiting (Fig. 11D) . These results provided firm evidence of a significant reduction in VAS at 12 hours, VAS at 24 hours, total morphine consumption, and the occurrence of nausea and vomiting in the gabapentin group. Meanwhile, the sample was sufficient to provide firm conclusion. 
Discussion
This is the first systematic review and meta-analysis to assess the effects of gabapentin on postoperative acute pain and PONV in patients following laparoscopic cholecystectomy. The final results indicated that preoperative treatment with gabapentin was associated with lower pain scores at 12 and 24 hours postoperatively. In addition, gabapentin decreased the total morphine consumption and the occurrence of nausea and vomiting. After a comprehensive search of multiple electronic databases, a total of 9 studies were included in this meta-analysis. A major strength of the current meta-analysis was the statistical rigor with which the outcomes were calculated. The pooled results indicated that preoperative administration of gabapentin was associated with lower pain scores postoperatively, which was equivalent on a 110-point VAS to 10.18 points at 12 hours and 6.33 points at 24 hours. Arumugam et al [30] performed a meta-analysis involving 17 RCTs with 1793 surgical patients, and their results indicated that gabapentin is an effective analgesic adjunct in patients undergoing elective surgery. Fabritius et al [31] indicated that evidence for the use of gabapentin is lacking as clinically relevant benefits may be absent and there is a major risk of harm, especially when gabapentin is added to multimodal analgesia. Zhai et al [32] conducted a meta-analysis and found that gabapentin was effective in reducing acute postoperative pain in patients undergoing total knee arthroplasty (TKA). These results are contradictory to a previous metaanalysis that compared gabapentinoids (gabapentin or pregabalin) to placebos for managing pain after TKA. In that metaanalysis, the results indicated that no evidence supported the routine use of gabapentin after TKA. [33] The current meta-analysis indicated that the use of gabapentin can also decrease total morphine consumption in laparoscopic cholecystectomy by 110.83 mg (WMD = À110.83, 95% CI = (À183.25, À38.42), P = .003). These morphine-saving effects have obvious clinical importance, and thus gabapentin should be used as an adjunct to multimodal anesthesia in laparoscopic cholecystectomy. Alayed el al [34] revealed that preemptive administration of gabapentin is effective in decreasing narcotic consumption by appropriately by 55.9 mg.
The most important finding of current meta-analysis was that gabapentin can decrease the occurrence of nausea and vomiting (RR = 0.53, 95% CI = 0.44-0.63, P = .000). In addition, the confidence level of this outcome is relatively high due to the low heterogeneity between the included studies. We then determined the dose-effect relationship between the gabapentin dosage and the occurrence of nausea and vomiting. A negative relation was found between the dosage of gabapentin and the occurrence of nausea and vomiting. In the included studies, we also tried to compare other complications between the gabapentin and control groups. However, there were insufficient data to extend the meta-analysis to other complications.
There were several limitations in the current meta-analysis: the quality of 4 of the articles was low, which likely resulted in selective bias; the heterogeneity of the VAS at 12 and 24 hours and the total morphine consumption was large and made it difficult to draw a definitive conclusion, though subgroups and a random effects model were used to minimize heterogeneity; the supplementary pain control measures in the included studies were different and thus may have introduced heterogeneity; the dosage of gabapentin was different from experiment to experiment; thus, the optimal dosage of gabapentin requires further study; the occurrence of PONV was measured only in 7 studies and also a great limitation.
In conclusion, immediate analgesic efficacy and opioid-sparing effects (PONV) were obtained with the administration of gabapentin. Additionally, the analgesic efficacy and opioidsparing effects were obvious in the high-dosage gabapentin group. Thus, we recommend routinely administration high Table 3 Subgroup analysis of the outcomes according to the dose of gabapentin (high dose vs low dose). dose of gabapentin in reducing acute pain after laparoscopic cholecystectomy. Because the sample size and the number of included studies were limited, a multicenter RCT is needed to clarify the optimal dose and timing of gabapentin in reducing acute pain after laparoscopic cholecystectomy.
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